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Abstract 
(Micro-)Machining of austenitic stainless steel is highly challenging due to the formation of build-up edges, adhesive 
tool wear and also the ability for work hardening, the low thermal conductivity, and the high toughness. Here, the 
application of tool coatings is a suitable method to extend tool life and to improve consequently the overall workpiece 
quality. Yet the qualification of different tool coatings for micromilling austenitic stainless steel has to be analysed. 
In this investigation micromilling experiments applying two fluted endmills having a diameter of d = 1 mm with 
different hard coatings were applied. The austenitic stainless steel X5CrNi18-10 (1.4301) served as the workpiece 
material. The tool coatings were CrN, TiN, AlCrN, AlTiN and TiAlN. Using a constant set of cutting parameters and 
the same basic tool geometry, the achievable performance of the different coatings was evaluated in terms of the 
process forces, the tool wear and the achievable surface quality. The application of a TiAlN and AlCrN coating 
generated very good results regarding the tool wear. Relating to the surface quality, the AlTiN coating provided the 
best results. 
 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and/or peer-review under responsibility of Professor Pedro Filipe do Carmo Cunha  
 
Keywords: Micromilling, Austenitic Stainless Steel, Hard Coatings, Tool Wear, Surface quality 
1. Introduction 
With the ever-growing demand for micro parts for 
application in the area of medicine and high precision 
components micromilling represents a major process for 
the production of these complex parts [1]. Especially the 
high accuracy, the low tool costs and the simple machine 
setup are advantageous to processes like electrical 
discharge machining (EDM) or laser machining. 
However, the use of micromachining is challenging and 
approved process designs which are based on 
macromachining cannot be applied due t
[2]. Basically in micromachining the 
undeformed chip thickness h often is in the range of the 
cutting edge radius r . Therefore the negative effective 
rake angle causes the ploughing effect, which promotes 
an increased tool wear, a reduction of the surface quality 
and a greater burr formation [3,4,5]. Due to its favorable 
properties like high resistance against corrosion, high 
strength and high ductility austenitic stainless steel are 
commonly used in a wide field of application like the 
medicine sector, the automotive industry or high 
precision measuring equipment. Contrary to these 
positive properties machining austenitic stainless is 
challenging. Due to its high toughness the formation of 
burrs is promoted. Furthermore machining is 
complicated by the formation of build-up edges and 
adhesive wear of the tools, the material´s ability of  work 
hardening and the low thermal conductivity, which 
causes a high thermal load on the tool [6,7,8]. A well 
established method to reduce the tool wear is the 
application of coatings onto the tool. A widely applied 
coating is TiAlN, which offers several advantages like 
high hardness which has also very often a friction 
reducing effect. The suitability of this coating for its 
application in micromilling was reported several times 
[9,10,11]. Major research to evaluate a suitable hard 
coating for micromilling of hardened tool steel 
X40CrMoV5-1 was done by Aramcharoen et al. It was 
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found that TiN coating is the best coating in terms of 
flank wear and edge chipping due to the good adhesion 
of the coating and the tool substrate [12]. De Cristofaro 
et al. introduced novel coatings for micromilling of 
hardened tool steel [13]. 
2. Experimental Setup 
The experiments were conducted on a KERN HSPC 
2522 micromachining center. The spindle utilized, 
Precise VSC 4084, has an operating range from 
500 min 1 to 50000 min-1 and is equipped with a HSK-
E25 tool holder. The cutting tools were two fluted end-
mills made of submicrongrain cemented carbide. Five 
different coatings were used in this investigation. The 
detailed specifications of the tools are listed in Table 1. 
Table 1: Geometric specifications of the applied tools 
Feature Dimension 
Diameter D 1 mm 
Total Length l 40 mm 
Cutting edge radius r  6 μm  
Corner radius re 0.1 mm 
Number of teeth n 2 
Coating TiN, AlCrN, CrN, AlTiN, TiAlN 
 4° 
 20° 
All coatings were of a single monolayer type. The 
coatings were deposited by the PVD technique.  The 
cutting edge radius re was measured for every single 
coating type. Here no significant diviations for the 
varying coatings could be observed. 
The hardness of the coatings is important for the wear 
resistance of the tools. The approximate hardness of the 
used coatings is depicted in Table 2 (according to [14]). 
Table 2: Microhardness of the applied hard coatings and the  
workpiece  material 
Coating TiN AlCrN CrN AlTiN TiAlN 304 
Hardness 
(HV) 
2500 3500 2300 3000 3300 200 
For the evaluation of the coatings a set of constant 
cutting parameters was chosen (Table 3). Down milling 
was applied for all experiments until the designated final 
milling path mp = 11000 mm was reached, resulting in a 
total engagement time of te 
the surface quality were measured at the end of the 
milling process. Since in earlier investigations within the 
founding research project the use of minimum quantity 
lubrication (MQL) proofed advantageous this coolant 
method was applied in the present investigation. The 
 Since the cutting 
parameters where kept constant, the influence of the 
ploughing effect on the tool wear can be considered as a 
constant for the different coatings. Thus the results of the 
experiments can be directly ascribed to the performance 
of the specific coating. 
Table 3: Constant cutting parameter set applied in the experiments 
Parameter Cutting 
speed vc 
Depth of 
cut ap 
Width of 
cut ae 
Feed per 
tooth fz 
 100 m/min, 0.17 mm 0.3 mm 0.011mm 
The process forces were measured with a 3-
component dynamometer Kistler Mini Dyn 9256C1 at a 
sampling rate of fs = 100 kHz. The workpieces were 
made of the austenitic stainless steel X5CrNi18-10 (AISI 
304) in the form of rectangular blocks with the 
dimensions of 30 x 40 x 5 mm, shown in Fig. 1. The 
generated surface roughness was analysed using a 
confocal white-light microscope Nanofocus μsurf 
perpendicular to the machined feed direction. The tool 
wear at the major cutting edge and the flank face of the 
minor cutting edge after a milling path of mp = 11000 
mm, if reached by the tool, was measured using a Philips 
XL40 ESEM scanning electron microscope. 
 
 
Fig. 1: Experimental setup 
3. Results and Discussion 
3.1. Process Forces 
Due to the small diameter of micromilling tools the 
danger of a sudden tool failure is significantly increased 
in comparison to macromachining. Therefore the 
analysis of the process forces is important. For the five 
applied coatings the individual active force Fa and 
passive force Fp are presented in Fig. 2. Since the results 
are averaged for three experiments per tool the  
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Fig. 2: Process forces for the different tool coatings 
variance is also displayed. The forces were calculated 
according to (1) and (2) 
 
 
 
In this model the forces Fx and Fy are the cutting force 
and the normal cutting force respectively, while Fz 
represents the passive force in direction of the tool axis. 
For an increasing engagement time, the active force as 
well as the passive force illustrates no considerable 
change in their magnitude, except for the CrN coated 
tool. Apriori the coating has no significant influence on 
the force level. Since both force levels for the two 
coatings are altering with the increasing material 
removal, the progression of tool wear becomes severe 
for the TiN- and CrN coated tools. The high variance of 
the TiN coated tools indicates a non continuous 
progression of the tool wear for different tools. For the 
CrN coating it was only possible to reach the designated 
milling path for one tool. The other tools had severe 
edge chipping so that no complete repetition of the 
experiments was possible. A reason for the non 
sufficient performance of the CrN coating can be found 
in the lowest hardness of the applied coatings, which 
does not offer enough resistance against edge chipping. 
3.2. Tool wear 
As it could be concluded from the process forces 
increasing with the engagement length, the TiN and CrN 
coated tools showed the strongest tool wear. Here the 
CrN coated tools featured spalling (Fig. 3) of the coating 
and cutting edge chipping. It can be assumed that a high 
reactivity between the CrN coating and the workpiece 
material components was present resulting in the 
drastically increased tool wear [12].  
 
 
Fig. 3: Tool wear at the major cutting edge after a final milling path of 
mp = 11000 mm 
Due to the spalling of the coating the tool´s substrate 
is exposed to the adhesive workpiece material and the 
formation of build up edges, which result in a permanent 
shearing of the tools substrate. The main tool wear 
mechanism for the TiN coated tools was cutting edge 
chipping, which can also be ascribed to the adhesive 
workpiece material. Furthermore the austenitic stainless 
steel X5CrNi18-10 has a high tendency to work 
hardening. In combination with the comparatively small 
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hardness of the TiN coating the edge chipping is 
promoted with increasing process time (Figure 4).  
On the other hand the AlCrN and TiAlN coating 
exhibited very good results in terms of tool wear. 
Neither spalling nor edge chipping could be observed 
which was also previously indicated by the measured 
process forces respectively the small variances (Fig. 5). 
Particularly advantageous is the high hardness of the 
coatings as well as the very low respectively nonexistent 
chemical reactivity of the coatings and the workpiece 
material, caused by the aluminum oxide film [14]. 
 
 
Fig. 4: Width of flank wear land VBmax for the different coatings 
3.3. Surface Quality 
For the analysis of the surface quality the average 
value of ten measurements for every workpiece was 
used. As it is illustrated in Fig. 6 and could be expected 
from the tool wear of the minor cutting edges, which are 
generating the surface of the workpiece, the CrN coated 
tools produced the least acceptable surface finish. In 
contrast to the very good results of the tool wear analysis 
the achievable surface finish of the TiAlN coating is of 
minor quality. As illustrated in Figure 4 the TiAlN 
coating exhibits a higher amount of droplets respectively 
crater formation on the flank face surface which 
consequently decreases the surface quality.  
Since the tools with the TiN, AlCrN and AlTiN 
coatings have a flank face surface which has smaller 
quantity of droplets or craters, the achievable surface 
quality is increased. The SEM images of the different 
workpieces (Fig. 7) indicate that for the applied TiAlN 
coating the presence of the coatings surface errors has a 
negative effect on the surface roughness because these 
errors promote the adhesion of material on the flank 
face. Consequently the adhered material rubs on the 
newly generated surface and causes the formation of the 
grooves. 
 
 
 
Fig. 5: Tool wear on the flank face of the minor cutting edge 
250   Dirk Biermann et al. /  Procedia CIRP  7 ( 2013 )  246 – 251 
 
 
 
Fig. 6: Achievable surface finish after a final milling path of mp = 
11000 mm 
4. Summary 
In this paper different hard coatings for the 
micromilling of the austenitic stainless steel X5CrNi18-
10 were analysed by means of the process forces, the 
tool wear and the achievable surface quality. Relating to 
the tool wear, the AlCrN and TiAlN coatings produced 
the best results. Due to their insufficient hardness TiN 
and CrN coated tools could not be qualified for this 
machining task. The CrN coatings exhibited severe 
spalling of the coating because of the chemical reactivity 
of the coating and the workpiece material. 
5. Outlook 
For a further qualification of the approved coatings, 
especially the AlCrN coating, micromilling experiments 
applying other hard to cut material like titanium or 
hardened tool steel have to be conducted. Additionally it 
should be analysed to what degree an adapted 
preparation of the cutting edge and a post treatment of 
the coating after the coating process like finishing or 
polishing to reduce the material adhesion can improve 
the performance of the tools. 
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